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a color light separation optical system th^ft separates corresponding color light 
beams of three colors. 

14. (Amended) The projection display /evice according to Claim 13, the liquid 
crystal light valve including at least a red-light Liquid crystal light valve and a blue-light liquid 
crystal light valve that include X/2 retardatiop films. 
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Changes to Abstract: 

The following is a marked-up version of the amended Abstract. 

ABSTRACT 

To provid e The invention provides a liquid crystal light valve that makes it possible to 
increase the life of a polarizer at a light-exiting-surface side of the liquid crystal light valve 
by reducing the burden thereon, and a projection display device including that incorporates 
the liquid crystal light valve. 

In liquid crystal light valves 110R, 410G, and llOBt hat modulate incident light in 

accordance with image information, at least two corresponding polarizers <\ 1 3R and ^IHR, 
113G and 4HG, and 413B and 414B, are provided respectively at the light-exiting-surface 
sides of liquid crystal panels A 1 1R, 4 1 1G, and 1 1 IB . 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 

Changes to Claims: 

Claims 1-14 are amended. 

The following are marked-up versions of the amended claims: 

1 . (Amended) A liquid crystal light valve that modulates incident light in 
accordance with image information, wh e rein comprising: 

a liquid crystal panel: and 

at least two polarizers are-provided at a light-exiting-surface side of a-the 
liquid crystal panel. 

2. (Amended) A ^The liquid crystal light valve according to Claim 1 , wh e rein the 
apolarization degree of a first polarizer of the at least two polarizers that is closer to the light- 
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exiting-surface side of the liquid crystal panel ts -being lower than the-a_polarization degree of 
a second polarizer of the at least two polarizers . 

3. (Amended) A^The liquid crystal light valve according to Claim 2, wh e r e in at 
least the first and second polarizers includ e including g lass members. 

4. (Amended) A-The liquid crystal light valve according to Claim 3, wh e r e in t he 
glass members age- being substrates. 

5. (Amended) A-The liquid crystal light valve according to Claim 3, wh e r e in t he 
glass members are -being p risms. 

6. (Amended) A-The liquid crystal light valve according to Claim 5, wh e r e in the 
glass members have -having p hysical properties of high thermal conductivities. 

7. (Amended) A-The liquid crystal light valve according to Claim 6, wh e rein t he 
glass members having physical properties of high thermal conductivities are -being formed of 
ekher -at least one of sapphire er -and crystal. 

8. (Amended) A-The liquid crystal light valve according to any of Claims 
Claim 24-3-, wh e r e in the first polarizer including a polarizer having high weather resistancei 
is us e d for the first polariz e r and the second polarizer including a polarizer having a high 
polarization degree is us e d for th e s e cond polariz e r . 

9. (Amended) A r -The liquid crystal light valve according to any on e of Claims 
Claim 2 1 3 or Claim 8, wh e r e in t he first polarizer is -being bonded to a substrate formed of at 
least one of g lass, sapphirev-er - and crystal. 

10. (Amended) A-The liquid crystal light valve according to any on e of Claims 
Claim 2 1 3 or Claim 8, wh e r e in the second polarizer is -being bonded to a substrate formed 
of at least one of g lass, sapphirer-e r- and crystal. 
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1 1 . (Amended) A -The liquid crystal light valve according to any on e of Claims 
Claim 2 1 to A or any one of Claims 6 to 10 , further including a substrate, wh e r e in t he first 
and second polarizers are- being bonded to the-front and back sides of a sam e the substrate. 

12. ( Amended) A^The liquid crystal light valve according to any on e of Claims 
Claim 2 1 to IK wh e r e in further including at least one of cooling gas and cooling liquid, the 
first and second polarizers are -being spatially separated by a gap, with either a such that the at 
least one of the cooling gas er-a -and the cooling liquid being allowed to pass through the gap. 

1 3 . (Amended) A projection display devicei including any on e of comprising: 
the liquid crystal light valv e s r e cit e d in valve according to Claims Clajm_l; 

and to 12 in accordance with 

a color light separation optical system that separates corresponding color light 
beams of three colors that hav e b ee n s eparated by a color light separation optical syst e m . 

14. (Amended) A-The p rojection display device according to Claim 13, wh e r e in 
the liquid crystal light valve including at least a red-light liquid crystal light valve and a blue- 
light liquid crystal light valve that include X/2 retardation films. 



[Name of Document] SPBtg gEfOtg gfON 
[Title of the Invention] LIQUID CRYSTAL LIGHT VALVE AND PROJECTION 

DISPLAY DEVICE INCLUDING THE SAME 

[Detailed Inscription of the Invention] 
[Technical Fieldof the Invention] 

[0001] The present invention relates to a liquid crystal light valve and a projection 
displaydevice including the liquid crystal light valve. 
[Description of the Related Art] 

[0002] A typical projection display device (projector) comprises an illumination 
optical system including aNpolarization generation optical system that converts unpolarized 
light that has exited from a lfght source into a predetermined linearly polarized light beam 
and causes the converted light beam to exit therefrom; a color light separation optical system 
that separates the linearly polarized light beam that has exited from the illumination optical 
system into light beams of three colors, a red light beam, a green light beam, and a blue light 
beam; three light valves that modulate the corresponding color light beams in accordance 
with image information (image signals); a\color light synthesizing optical system that 
comprises a cross dichroic prism that synthesizes each of the modulated color light beams; 
and a projection optical system that projects the. synthesized light onto a screen. 

[0003] Here, the projection display device realizes increased numerical apertures of 
the liquid crystal light valves, and uses an integrator lens, having small lenses disposed in a 
matrix arrangement, in the polarization generation optical system of the illumination optical 
system in order to display a high-brightness, high-quality, high-contrast image. 

[Problem to be Solved by the Invention] 

[0004] However, in a conventional liquid crystal light valve, a light-incident surface 
side and a light-exiting-surface side of the liquid crystal light valve are provided with one 
polarizer each. On the other hand, projection display devices are proceeding towards the 
achievement of higher brightness as mentioned above, so that the burden on the polarizer at 
the light-exiting-surface side is increasing more and more as a result of ^^achievement of 

the higher brightness. In other words, leaving aside usual image display, when a dark display 

\ 

is to be realized, most of the light is absorbed by the polarizer that is provided at the light- 
exiting surface side, so that this polarizer generates heat. Therefore, there has been a problem 
in that the life of the polarizer becomes short. \ 

[0005] The present invention has been achieved to overcome such a problem, and 
has as its objects the provision of a liquid crystal light valve that makes it possible to increase 
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the life of a polarizer disposed at a light-exiting-surface side of the liquid crystal light valve 
by decreasing the burden on this polarizer, and a projection display device including the 
liquid crystal light valve. 
[Means for Solving the Problems] 

[0006] A liquid crystal light valve of the present invention is such that, in a liquid 
crystal panel that modulates incident light in accordance with image information, at least two 
polarizers are provided at a light-exiting-surface side of the liquid crystal panel. 

[0007] In the present invention, since at least two polarizers (that is, light-exiting- 
side polarizers) are provided at the light-exiting-surface side of the liquid crystal panel, the 
task of absorbing light can be divided among each of the light-exiting-side polarizers, thereby 
making it possible to divide the task of heat generation among the light-exiting-side 
polarizers. Therefore, even for a dark display, the burden on and thus the life of the light- 
exiting-side polarizers can be reduced. 

[0008] It is preferable that the polarization degree of a first polarizer that is closer to 
the light-exiting-surface side of the liquid crystal panel be lower than the polarization degree 
of a second polarizer. 

[0009] By virtue of this structure, the ratio of division of the task of absorbing light 
by the first and second polarizers can be adjusted. 

[0010] It is preferable that at least the first and second polarizers include glass 
members. 

[0011] This is because, by using glass members, temperature rises of the first 
polarizer and the second polarizer can be restricted by prompting diffusion of heat by the 
absorption of light by the first polarizer or second polarizer. 

[0012] In this case, the glass members may be substrates or prisms, and preferably 
have physical properties of high thermal conductivities. The glass members having physical 
properties of high thermal conductivities are formed of either sapphire or crystal. 

[0013] It is preferable to use a polarizer having high weather resistance for the first 
polarizer and a polarizer having a high polarization degree for the second polarizer. For 
example, a dye polarizer that is highly resistant to light and heat is used for the first polarizer, 
while an iodine polarizer that has a high contrast ratio is used for the second polarizer. 

[0014] The first polarizer is bonded to a substrate formed of glass, sapphire, or 
crystal. The second polarizer is bonded to a substrate formed of glass, sapphire, or crystal. 



[0015] By using glass, sapphire, or crystal to form a substrate for supporting the 
first polarizer and a substrate for supporting the second polarizer, it is possible to restrict 
temperature rises of the first and second polarizers. 

[0016] The first and second polarizers may be bonded to the front and back sides of 
a same substrate. This substrate performs more effectively when it is formed of a material 
having high thermal conductivity. 

[0017] Since the number of supporting substrates of these polarizers can be 
reduced, it is possible to construct the liquid crystal light valve with a small/compact size. 
Therefore, the projector using this liquid crystal light valve can be made small/compact in 
size. 

[0018] It is preferable that the first and second polarizers be spatially separated by a 
gap, with either a cooling gas or a cooling liquid being made to pass in the gap. 

[0019] In general, air is used as cooling gas. By causing either a cooling gas or 
liquid to flow in the gap between the first and second polarizers, temperature rises of these 
polarizers can be restricted. 

[0020] A projection display device of the present invention includes any one of the 
liquid crystal light valves recited in Claims 1 to 12 in accordance with corresponding color 
light beams of three colors that have been separated by a color light separation optical 
system. 

[0021] When the liquid crystal light valve of the present invention is used, the task 
of absorbing light is divided among the plurality of light-exiting-side polarizers as described 
above, so that the projection display device can provide sufficiently high brightness. In 
addition, the life of the projection display device itself can be increased. 

[0022] At least a red-light liquid crystal light valve and a blue-light liquid crystal 
light valve include X/2 retardation films. 

[0023] After passage of the color light beams of three colors that have been 
separated by the color light separation optical system through the corresponding color-light 
liquid crystal light valves having the above-described structures, each of the color light beams 
is synthesized by a cross dichroic prism. At this time, it is preferable that the red light beam 
and the blue light beam that are incident upon the cross dichroic prism be s-polarized light 
beams, and the green light beam to be a p-polarized light beam. Therefore, the red-light and 
the blue-light liquid crystal light valves require X/2 retardation films for converting the p- 
polarized light beams that exit from their corresponding first polarizers into s-polarized light 
beams. 



[0024] This is because, when this structure is used, the efficiency with which light 
is used at the cross dichroic prism can be increased. 
[Brief Description of the Drawings] 
[Fig- 1] 

[0025] Fig. 1 is a plan view of optical systems of a projection display device in 
accordance with the present invention. 
[Fig. 2] 

Fig. 2 illustrates an illumination optical system of the optical systems shown in Fig. 1 . 
[Fig. 3] 

Figs. 3(A) and 3(B) are a front view and a side view of a first lens array of the 
illumination optical system, respectively. 
[Fig. 4] 

Fig. 4 is a perspective view of the external appearance of a polarization conversion 
element array. 
[Fig. 5] 

Fig. 5 is a schematic view of the operation of the polarization conversion element 

array. 
[Fig. 6] 

Fig. 6 shows the structures of the liquid crystal light valves shown in Fig. 1 in relation 
with polarization directions of light. 
[Fig- 7] 

Fig. 7 shows the structures of liquid crystal light valves of another embodiment of the 
present invention in relation with polarization directions of light. 
[Fig. 8] 

Fig. 8 shows the structures of liquid crystal light valves of still another embodiment of 
the present invention in relation with polarization directions of light. 
[Description of the Embodiments] 

[0026] Hereunder, a description of embodiments of the present invention will be 
given with reference to the drawings. In the following description, unless otherwise 
specified, the direction of propagation of light is defined as the z direction, and, as viewed 
from the z-direction, the 12 o'clock direction is defined as the y direction and the 3 o'clock 
direction is defined as the x direction. In other words, the direction of propagation of light in 
the planes of the drawings is defined as the z direction, the direction perpendicular to the 
planes of the drawings (sheets) is defined as the y direction, and the direction parallel to the 



planes of the drawings (sheets) is defined as the x direction. The x, y, and z directions are 
perpendicular to each other. An s-polarized light beam is a polarized light beam that 
possesses a polarization axis that is perpendicular to the y axis or the planes of the drawings, 
whereas a p-polarized light beam is a polarized light beam that possesses a polarization axis 
that is horizontal to the x axis or the planes of the drawings. 

[0027] Fig. 1 is a schematic plan view of optical systems of a projection display 
device that incorporates liquid crystal light valves according to the present invention. The 
three main optical systems of a projection display device 100 are a light source unit 20, an 
optical unit 30, and a projection lens unit 40. 

[0028] The optical unit 30 comprises an integrator optical system 300, a color light 
separation optical system 380 that includes dichroic mirrors 382 and 386 and a reflective 
mirror 384, and a relay optical system 390 that includes a light-incident-side lens 392, a relay 
lens 396, and reflective mirrors 394 and 398, all of which optical systems are described later. 
Further, it comprises three field lenses 400, 402, and 404; three liquid crystal light valves 
410R, 410G, and 410B; and a cross dichroic prism 420 which is a color light synthesizing 
optical system. 

[0029] The optical unit 20 is disposed at a light-incident-surface side of a first lens 
array 320 of the optical unit 30. The projection lens unit 40 including a projection lens 430 in 
the inside thereof includes a zoom mechanism and is disposed at a light-exiting-surface side 
of the cross dichroic prism 420 of the optical unit 30. 

[0030] Fig. 2 illustrates an illumination optical system that illuminates three liquid 
crystal panels which are illumination areas of the projection display device shown in Fig. 1 . 
The illumination optical system comprises a light source 200, which is provided in the light 
source unit 20, and the integrator optical system 300, which is provided in the optical unit 30. 
The integrator optical system 300 comprises the first lens array 320, a second lens array 340, 
a light-shielding plate 350 and a polarization conversion element array 360, and a 
superimposing lens 370. 

[0031] For simplifying the description, in Fig. 2, only the main structural elements 
for illustrating the functions of the illumination optical system are shown. 

[0032] The light source 200 comprises a light source lamp 210 and a concave 
mirror 212. Radiant light that has exited from the light source lamp 210 is reflected by the 
concave mirror 212, and the reflected light exits in the direction of the first lens array 320 as 
light beams that are substantially parallel to the optical axis of the light source. 



[0033] Here, a halogen lamp, a metal halide lamp, or a high pressure mercury lamp 
may be used as the light source lamp 210, and it is preferable to use a parabolic mirror as the 
concave mirror 212. 

[0034] Figs. 3(A) and 3(B) are a front view and a side view of the external 
appearance of the first lens array 320. In the first lens array 320, small lenses 321 having 
rectangular contours are disposed in a matrix arrangement having N x 2 columns (here, N = 
4) in the vertical direction and M rows (here, M = 10) in the horizontal direction. The 
external shape of each small lens 321 when viewed from the z direction is set so that each 
shape is substantially the same as the shape of each of the liquid crystal panels 41 1R, 41 1G, 
and 41 IB. For example, when the aspect ratio of an image formation area of each liquid 
crystal panel (that is, the ratio between the horizontal and vertical dimensions) is 4:3, the 
aspect ratio of each small lens 321 is set to 4:3. In this manner, the first lens array 320 
functions to divide the substantially parallel light beams that have exited from the light source 
lamp 210 into a plurality of sub light beams and to cause the plurality of sub light beams to 
exit therefrom. 

[0035] The second lens array 340 functions to guide the plurality of sub light beams 
that have exited from the first lens array 320 so that they converge on polarization separation 
films 366 of two polarization conversion element arrays 361 and 362. The second lens array 
340 comprises small lenses 341, with the number of small lenses 341 being the same as the 
number of lenses of the first lens array 320. The lenses of the first lens array 320 and those 
of the second lens array 340 may face either the +z direction or the -z direction, or, as shown 
in Fig. 2, in different directions. 

[0036] The polarization conversion element array 360 forms a polarization 
generation optical system that generates linearly polarized light beams in order to efficiently 
use unpolarized illumination light. Here, as shown in Fig. 2, the two polarization conversion 
element arrays 361 and 362 are disposed so as to have symmetric orientations, with the 
optical axis being disposed therebetween. However, one polarization conversion element 
array that is disposed so as to have the same orientation may be used. Fig. 4 is a perspective 
view of the external appearance of one of the polarization conversion element arrays, the 
polarization conversion element array 361. The polarization conversion element array 361 
comprises a polarization beam splitter array 363 that includes a plurality of polarization beam 
splitters and Q/2 retardation films 364 (X represents the wavelength of light) that are 
selectively disposed on portions of a light-exiting surface of the polarization beam splitter 
array 363. The polarization beam splitter array 363 has a shape formed by successively 



bonding a plurality of columnar light-transmissive members 365 that are parallelogrammic in 
cross section. The polarization separation films 366 and reflective films 367 are alternately 
formed on interfaces between the light-transmissive members 365. The X/2 retardation films 
364 are selectively bonded to image portions in the x direction of the light-exiting surfaces of 
the polarization separation films 366 or the reflective films 367. In this example, the X/2 
retardation films 364 are bonded to the image portions in the x direction of the light-exiting 
surfaces of the polarization separation films 366. Dielectric multilayer films are used for the 
polarization separation films 366, and dielectric multilayer films or metallic films are used for 
the reflective films 367. 

[0037] The polarization conversion element array 361 functions to convert light 
beams that are incident thereupon into one type of linearly polarized light beams (for 
example, s-polarized light beams or p-polarized light beams) and to cause them to exit 
therefrom. Fig. 5 is a schematic view illustrating the operation of the polarization conversion 
element array 361. When unpolarized light including an s-polarized component and a p- 
polarized component is incident upon a light-incident surface of the polarization conversion 
element array 361, the incident light is first separated into an s-polarized light beam and a p- 
polarized light beam by its corresponding polarization separation film 366. The s-polarized 
light beam is reflected substantially vertically by each polarization separation film 366, and is 
further reflected by its corresponding reflective film 367. On the other hand, the p-polarized 
light beam passes substantially without change through its corresponding polarization 
separation film 366. The X/2 retardation films 364 are disposed on surfaces from which the 
p-polarized light beams that have passed through the corresponding polarization separation 
films 366 exit, so that the p-polarized light beams are converted into s-polarized light beams, 
which exit from the corresponding X/2 retardation films 364. Therefore, the light that has 
passed through the polarization conversion element array 361 mostly becomes s-polarized 
light beams, which exit therefrom. When one wants to convert light that exits from the 
polarization conversion element array 361 into p-polarized light beams, the X/2 retardation 
films 364 are disposed on portions of the surface from which s-polarized light beams that 
have been reflected by the corresponding reflective films 367 exit. As long as the 
polarization directions can be made the same, XI A retardation films may be used, or desired 
retardation films may be provided on portions of the surface from which p-polarized light 
beams exit and portions of the surface from which s-polarized light beams exit. 

[0038] In the polarization conversion element array 361, one block including one 
polarization separation film 366 and one reflective film 367 adjacent thereto and one X/2 
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retardation film 364 can be considered as one polarization conversion element 368. The 
polarization conversion element array 361 has a plurality of such polarization conversion 
elements 368 disposed in the x direction. 

[0039] The structure of the polarization conversion element array 362 is exactly the 
same as that of the polarization conversion element array 361, so that it will not be described. 

[0040] As shown in Fig. 2, the light-shielding plate 350 is disposed on a light- 
incident-surface side of the polarization conversion element array 360, and functions to adjust 
the amount of light incident upon the polarization separation films 366 from the first lens 
array 320. Therefore, light-shielding portions 351 and open portions 352 are disposed in a 
stripe-like arrangement. In other words, the light-shielding plate 350 is a plate-shaped 
member that is formed by alternately forming the opening portions 352 which allows light to 
pass through, and the light-shielding portions 35 1 which have about the same widths as the 
light-incident surfaces of the light-transmissive members 356, in correspondence with a light- 
incident surface of each light-transmissive member 365 of the polarization conversion 
element array 360 (361, 362). The light-shielding portions 351 and the opening portions 352 
are disposed so that the sublight beams that have exited from the first lens array 320 are 
incident only upon the polarization separation films 366 of the polarization conversion 
element 360, and are not incident upon the reflective films 367. 

[0041] As described above, the plurality of sub light beams that have exited from 
the first lens array 320 are each separated into two sub light beams by the polarization 
conversion element array 360, and the separated sub light beams are converted into 
substantially one type of linearly polarized light beams (s-polarized light beams and s- 
polarized light beams or p-polarized light beams and p-polarized light beams), each having 
the same wavelengths, by the corresponding X/2 retardation films 364. Such plurality of sub 
light beams that are formed by one type of linearly polarized light beams are superimposed 
on the illumination areas 410 of the corresponding liquid crystal light valves by the 
superimposing lens 370 shown in Fig. 2. At this time, the distribution of the intensity of light 
that illuminates the illumination areas 410 is substantially uniform. 

[0042] The illumination optical system constructed in the above-described way 
causes illumination light that possesses the same polarization directions (such as s-polarized 
light beams and s-polarized light beams) to exit therefrom, and illuminates each of the liquid 
crystal panels 41 1R, 41 1G, and 41 IB through the color light separation optical system 380 
and the relay optical system 390. 



[0043] The color light separation optical system 380 in the optical unit 30 
comprises the two dichroic mirrors 382 and 386 and the reflective mirror 384, and functions 
to separate the light beams that exit from the illumination optical system into light beams of 
three colors, red (R) light beams, green (G) light beams, and blue (B) light beams. The first 
dichroic mirror 382 allows the red light component of the light that has exited from the 
illumination optical system to pass through, and reflects the blue light component and the 
green light component. The red light beams R that have passed through the first dichroic 
mirror 382 are reflected by the reflective mirror 384, and exit in the direction of the cross 
dichroic prism 420. The red light beams R that have been reflected by the reflective mirror 
384 further pass through the field lens 400 and reach the liquid crystal light valve 41 OR for 
red light. The field lens 400 converts each of the sub light beams that have exited from the 
first lens array 320 of the illumination optical system so that each of them is parallel to a 
center axis thereof. This similarly applies to the field lenses 402 and 404 that are provided at 
the light-incident-surface sides of the liquid crystal light valves 410G and 41 0B, respectively. 

[0044] Of the green light beams G and the blue light beams B that have been 
reflected by the first dichroic mirror 382, the green light beams G are reflected by the second 
dichroic mirror 386 and exit in the direction of the cross dichroic prism 420. The green light 
beams G that have been reflected by the second dichroic mirror 386 further pass through the 
field lens 402, and reach the liquid crystal light valve 410G for green light. On the other 
hand, the blue light beams B that have passed through the second dichroic mirror 386 exit 
from the color light separation optical system 380, and are incident upon the relay optical 
system 390. 

[0045] The blue light beams B incident upon the relay optical system 390 reach the 
liquid crystal light valve 41 0B for blue light through the light-incident-side lens 392, the 
reflective mirror 394, the relay lens 396, the reflective mirror 398, and the field lens 404 of 
the relay optical system 390. The relay optical system 390 is used for the blue light beams B 
because the path of the blue light beams B is longer than the paths of the other color light 
beams R and G and is provided to prevent reduction in the efficiency of light used caused by, 
for example, light diffusion. In other words, it is provided to transmit substantially without 
change the sub light beams incident upon the light-incident-side lens 392 to the field lens 
404. 

[0046] The color light beams that have impinged upon the three liquid crystal light 
valves 41 OR, 410G, and 41 0B, respectively, are modulated in accordance with provided 
image information (image signals) in order to generate images of the corresponding colors. 
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Here, the liquid crystal light valves 41 OR, 410G, and 41 OB comprise, respectively, the liquid 
crystal panels 41 1R, 41 1G, and 41 IB, light-incident-side polarizers 412R, 412G, and 412B, 
and at least two light-exiting-side polarizers 413R and 414R, 413G and 414G, and 413B and 
414B. 

[0047] Fig. 6 illustrates the structures of the liquid crystal light valves of the present 
invention. It also illustrates in relation with polarization directions the schematically shown 
optical systems within a region from the polarization generation optical system (polarization 
conversion element array 360) to the cross dichroic prism 420. 

[0048] First, the red-light liquid crystal light valve 41 OR will be described. The 
liquid crystal light valve 41 OR includes the liquid crystal panel 41 1R, the light-incident-side 
polarizer 412R, the two light-exiting-side polarizers 41 3R and 414R, and an D/2 retardation 
film 415R. The light-incident-side polarizer 412R and the light-exiting-side polarizers 413R 
and 414R are bonded to glass substrates 416R, 417R, and 418R, respectively. The 
polarization axis of the light-incident-side polarizer 41 2R and the polarization axis of the first 
light-exiting-side polarizer 413R that is closer to the liquid crystal panel 41 1R are disposed 
perpendicular to each other, while the polarization axis of the second light-exiting-side 
polarizer 414R is disposed in the same direction as the polarization axis of the first light- 
exiting-side polarizer 4 1 3R. Therefore, the light-incident-side polarizer 4 1 2R allows s- 
polarized light beams to pass through, while the first and second light-exiting-side polarizers 
4 1 3R and 4 1 4R allow p-polarized light beams to pass through. 

[0049] The s-polarized red light beams R that are incident upon the liquid crystal 
light valve 41 OR pass substantially without change through the glass substrate 416R and 
through the light-incident-side polarizer 412R, bonded to the glass substrate 416R, and are 
incident upon the liquid crystal panel 41 1R. The liquid crystal panel 41 1R converts some of 
the s-polarized light beams that have impinged thereupon into p-polarized light beams, and 
the first light-exiting-side polarizer 41 3R disposed at the light-exiting-surface side allows 
only the p-polarized light beams to pass through the glass substrate 417R. The polarization 
axis of the second light-exiting-side polarizer 414R is in the same direction as the 
polarization axis of the first light-exiting-side polarizer 413R, so that only the p-polarized 
light beams are allowed to pass through the glass substrate 418R. The p-polarized light 
beams that have passed through the first and second light-exiting-side polarizers 413R and 
414R and the glass substrates 417R and 41 8R are incident upon the D/2 retardation film 
415R where they are converted into s-polarized light beams, which exit therefrom. 
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[0050] The green-light liquid crystal light valve 410G includes the liquid crystal 
panel 41 1G, the light-incident-side polarizer 412G, and the first and second light-exiting-side 
polarizers 413G and 414G. The light-incident-side polarizer 412G and light-exiting-side 
polarizers 41 3G and 414G are bonded to glass substrates 416G, 417G, and 418G, 
respectively. The polarization axis of the light-incident-side polarizer 412G and the 
polarization axis of the first light-exiting-side polarizer 413G that is closer to the liquid 
crystal panel 41 1G are disposed perpendicular to each other, while the polarization axis of the 
second light-exiting-side polarizer 414G is disposed in the same direction as the polarization 
axis of the first light-exiting-side polarizer 413G. 

[0051] The s-polarized green light beams G that are incident upon the liquid crystal 
light valve 410G pass through the glass substrate 416G and the light-incident-side polarizer 
412G virtually in the same state, and are incident upon the liquid crystal panel 41 1G. The 
liquid crystal panel 41 1G converts some of the s-polarized light beams that have impinged 
thereupon into p-polarized light beams, and the first light-exiting-side polarizer 41 3G 
disposed at the light-exiting-surface side allows only the p-polarized light beams to pass 
through the glass substrate 417G. The polarization axis of the second light-exiting-side 
polarizer 414G is in the same direction as the polarization axis of the first light-exiting-side 
polarizer 413G, so that only the p-polarized light beams are allowed to pass through the glass 
substrate 4 18G. 

[0052] The blue-light liquid crystal light valve 41 0B has a similar structure to the 
red-light liquid crystal light valve 41 OR. It includes the liquid crystal panel 41 IB, the light- 
incident-side polarizer 412B, the first and second light-exiting-side polarizers 41 3B and 
414B, and an U/2 retardation film 415B. The light-incident-side polarizer 412B and light- 
exiting-side polarizers 413B and 414B are bonded to glass substrates 416B, 41 7B, and 418B, 
respectively. 

[0053] The polarization axis of the light-incident-side polarizer 412B and the 
polarization axis of the first light-exiting-side polarizer 413B that is closer to the liquid 
crystal panel 41 IB are disposed perpendicular to each other, while the polarization axis of the 
second light-exiting-side polarizer 414B is disposed in the same direction as the polarization 
axis of the first light-exiting-side polarizer 41 3B. 

[0054] The s-polarized blue light beams B that are incident upon the liquid crystal 
light valve 41 0B pass substantially without change through the glass substrate 416B and the 
light-incident-side polarizer 412B, bonded to the glass substrate 41 6B, and are incident upon 
the liquid crystal panel 41 IB. The liquid crystal panel 41 IB converts some of the s-polarized 
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light beams that have impinged thereupon into p-polarized light beams, and the first light- 
exiting-side polarizer 413B disposed at the light-exiting-surface side allows only the p- 
polarized light beams to pass through the glass substrate 417B. The polarization axis of the 
second light-exiting-side polarizer 414B is in the same direction as the polarization axis of 
the first light-exiting-side polarizer 413B, so that only the p-polarized light beams are 
allowed pass through the glass substrate 4 1 8B. The p-polarized light beams that have passed 
through the first and second light-exiting-side polarizers 413B and 414B and the glass 
substrates 417B and 418B are incident upon the 7J2 retardation film 415B where they are 
converted into s-polarized light beams, which exit therefrom. 

[0055] The cross dichroic prism 420 synthesizes the modulated color light beams of 
three colors, which have been passing through and modulated in the liquid crystal light valves 
41 OR, 410G, and 41 OB, in order to generate synthesized light that represents a color image. 
In the cross dichroic prism 420, a red light reflective film 421 and a blue light reflective film 
22 are formed in a substantially X shape arrangement at interfaces of four right-angle prisms. 
The red light reflective film 421 is formed by a dielectric multilayer film that selects and 
reflects red light, whereas the blue light reflective film 422 is formed by a dielectric 
multilayer film that selects and reflects blue light. The color light beams of three colors are 
synthesized by the red light reflective film 421 and the blue light reflective film 422 in order 
to generate synthesized light that represents a color image. 

[0056] The two reflective films 421 and 422, which form the cross dichroic prism 
420 reflects s-polarized light beams better than p-polarized light beams, and they transmits p- 
polarized light beams better than s-polarized light beams. Therefore, the light beams to be 
reflected by the two reflective films 421 and 422 are s-polarized light beams, whereas the 
light beams to be transmitted through the two reflective films 421 and 422 are p-polarized 
light beams. This is to increase the efficiency of light use at the cross dichroic prism 420. 
Thus, one G/2 retardation film is inserted for at least the red light and the blue light. They 
may be inserted either in front of or behind (the light-incident side or the light-exiting side) of 
their corresponding liquid crystal light valves. They may also be used by bonding them to 
polarizers. 

[0057] The synthesized light that has been generated by the cross dichroic prism 
exits in the direction of the projection lens 430. The projection lens 430 projects the 
synthesized light that has exited from the cross dichroic prism 420 in enlarged form onto a 
screen (not shown) where a color image is displayed. 
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[0058] In the present invention, the liquid crystal light valves 41 OR, 410G, and 
410B each include at least two corresponding polarizers 413R and 414R, 413G and 414G, 
and 413B and 414B, which are disposed respectively at light-exiting-surface sides of the 
liquid crystal panels 41 1R, 41 1G, and 41 IB. Therefore, even when a black display is 
provided on the entire screen, the task of absorbing light can be divided among each of the 
light-exiting-side polarizers 413 and the light-exiting-side polarizers 414. (These reference 
numerals denote the light-exiting-side polarizers of any one of the liquid crystal light valves. 
Similarly, the other component parts are also represented by representative reference 
numerals.) For example, the ratio of the division of the task may be 1 :1 for the first light- 
exiting-side plates 413 and the corresponding second light-exiting-side polarizers 414; or first 
light-exiting-side polarizers 413 having low polarization degrees and second light-exiting- 
side polarizers 414 having high polarization degrees may be used, so that they have different 
absorptivities (for example, the first light-exiting-side polarizers 413 have absorptivities of 
60%, and the second light-exiting-side polarizers 414 have absorptivities of 99.9%). More 
specifically, polarizers having high weather resistances, such as dye polarizers which are 
resistant to light and heat, may be used as the first light-exiting-side polarizers 413, while 
polarizers having high polarization degrees, such as iodine polarizers having high contrast 
ratios, may be used as the second light-exiting-side polarizers 414. 

[0059] In this manner, by providing two or more light-exiting-side polarizers 413 
and 414 at the light-exiting-surface side of each of the liquid crystal panels 41 1, the task of 
absorbing light is divided among these light-exiting — side polarizers 413 and light-exiting- 
side polarizers 414 to distribute the heat produced by light absorption, thereby making it 
possible to reduce the burden thereon. Therefore, the life of the light-exiting-side polarizers 
413 and the light-exiting-side polarizers 414 becomes longer, thereby making it possible for 
the projection display device to provide sufficiently high brightness. 

[0060] In the embodiment shown in Fig. 6, similarly to the light-incident-side 
polarizers 412, the first light-exiting-side polarizers 413 and the second light-exiting-side 
polarizers 414 are constructed so that glass substrates 417 and the glass substrates 418 are 
bonded thereto, respectively. As the supporting substrates 417 and the supporting substrates 
418 of these light-exiting-side polarizers 413 and the light-exiting-side polarizers 414, 
transparent materials having high thermal conductivities, such as sapphire or crystals, may be 
used. Since sapphire and crystals have higher thermal conductivities than glass, temperature 
rises in the light-exiting-side polarizers 413 and the light-exiting-side polarizers 414 can be 
reduced. 
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[0061] As shown in Fig. 7, first light-exiting-side polarizers 413 and second light- 
exiting-side polarizers 414 may be bonded to the front and back sides of the same supporting 
substrates 419, respectively. Similarly to the above, the supporting substrates 419 are formed 
of transparent materials having high thermal conductivities, such as sapphire or crystals. As 
shown in Fig. 8, second light-exiting-side polarizers 414 may be bonded to a cross dichroic 
prism 420. In this case, for the cross dichroic prism 420, it is necessary to use glass member 
having a thermal conductivity that is as high as possible, and to provide X/2 retardation films 
415R and 415B at a red-light liquid crystal light valve 41 OR and a blue-light liquid crystal 
light valve 41 OB at the light-incident sides thereof, respectively. 

[0062] In this case, it is preferable to use a glass member having high thermal 
conductivity for the cross dichroic prism 420. This material is used to reduce temperature 
rise in the second light-exiting-side polarizer 414R. The aforementioned glass member refer 
to transparent member formed of, for example, glass, sapphire, or crystal. 

[0063] As shown in Figs. 1, 6, and 8, the first light-exiting-side plates 413 and the 
second light-exiting-side plates 414 are spacially separated from each other by gaps, with 
cooling gas (such as air) 440 being made to flow in the gaps. This is one means for 
restricting temperature rises in the first light-exiting-side polarizers 413 and the second light- 
exiting-side polarizers 414. Instead of gas, a liquid may be made to flow in the gaps or they 
may be soaked in the liquid. In these cases, the cooling effect is even greater than that of gas. 
In Fig. 1, for simplicity, arrows that represent the direction of flow of the cooling gas are not 
shown. 

[0064] Although in the embodiments the present invention is applied to a projection 
display device using transmissive liquid crystal light valves, the present invention may also 
be applied to a projection display device using reflective liquid crystal light valves. Here, a 
transmissive liquid crystal light valve refers to a type of liquid crystal light valve that allows 
light to pass through, while a reflective liquid crystal light valve refers to a type of liquid 
crystal light valve that reflects light. 

[0065] In a projection display device using reflective liquid crystal light valves, a 
dichroic prism may be used as color light separating means that separates light into color 
light beams of three colors, a red light beam, a green light beam, and a blue light beam, and 
as color light synthesizing means that synthesizes the color light beams of three colors that 
have been modulated in order to cause the synthesized light to exit therefrom in the same 
direction. 
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[0066] Types of projection display devices include front projection display devices 
that project an image from the direction in which a projected image is observed and rear 
projection display devices that project an image from a side that is opposite to the direction of 
observation of a projected image. The structures in the embodiments can be applied to both 
of these types of projection display devices. 
[Advantages] 

[0067] As described above, according to the present invention, since at least two 
polarizers are provided at the light-exiting-surface sides of the liquid crystal panels, the 
burden on the polarizers can be reduced by dividing the task of absorbing light among the 
plurality of polarizers. Therefore, the life of the liquid crystal light valves is increased, 
thereby making it possible for the projection display device to provided sufficiently high 
brightness. 

[Reference Numerals] 

20: light source unit 

30: optical unit 

40: projection lens unit 

100: projection display device 

200: light source 

300: integrator optical system 

320: first lens array 

340: second lens array 

350: light-shielding plate 

360: polarization conversion element array 

364: n/2 retardation films 

370: superimposing lens 

380: color light separation optical system 

390: relay optical system 

4 1 OR, 4 1 0G, 4 1 0B : liquid crystal light valves 

41 1R, 41 1G, 41 IB: liquid crystal panels 

412R, 412G, 412B: light-incident-side polarizers 

413R, 413G, 413B: first light-exiting-side polarizers 

4 1 4R, 4 1 4G, 4 1 4B : second light-exiting-side polarizers 

415R, 415B: D/2 retardation films 

416R, 416G, 416B: glass substrates for the light-incident-side polarizers 
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417R, 417G, 417B: glass substrates for the first light-exiting-side polarizers 
418R, 418G, 418B: glass substrates for the second light-exiting-side polarizers 
4 1 9R, 4 1 9G, 4 1 9B: supporting substrates 
420: cross dichroic prism 
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[Claims] 

[Claim 1] A liquid crystal light valve that modulates incident light in accordance with 
image information, wherein at least two polarizers are provided at a light-exiting-surface side 
of a liquid crystal panel 

[Claim 2] A liquid crystal light valve according to Claim 1 , wherein the polarization degree 
of a first polarizer that is clbser to the light-exiting-surface side of the liquid crystal panel is 
lower than the polarization detgree of a second polarizer. 

[Claim 3] A liquid crystal light valve according to Claim 2, wherein at least the first and 
second polarizers include glass members. 
[Claim 4] A liquid crystal light Valve according to Claim 3, wherein the glass members are 
! i£i substrates. 

[Claim 5] A liquid crystal light valve according to Claim 3, wherein the glass members are 



m 



iLy prisms. 

i[f| [Claim 6] A liquid crystal light valve according to Claim 5, wherein the glass members 

y, have physical properties of high thermal conductivities. 

[Claim 7] A liquid crystal light valve according to Claim 6, wherein the glass members 
having physical properties of high thermal conductivities are formed of either sapphire or 
crystal. 

[Claim 8] A liquid crystal light valve according to any of Claims 1-3, wherein a polarizer 
having high weather resistance is used for the first polarizer and a polarizer having a high 
polarization degree is used for the second polarizer 

[Claim 9] A liquid crystal light valve according to\any one of Claims 1-3 or Claim 8, 
wherein the first polarizer is bonded to a substrate formed of glass, sapphire, or crystal. 



[Claim 10] A liquid crystal light valve according to any one of Claims 1- 3 or Claim 8, 
wherein the second polarizer is bonded to a substrate formed of glass, sapphire, or crystal. 

[Claim 11] A liquid crystal light valve according to any; one of Claims 1 to 4 or any one of 
Claims 6 to 10, wherein the first and second polarizers are^bonded to the front and back sides 
of a same substrate. 
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[Claim 1"2]^ liquid crystal light valve according to any one of Claims 1 to 1 1, wherein the 
first and second polarrze^s are spatially separated by a gap, with either a cooling gas or a 
cooling liquid being allowed tojyaasthrough the gap. 

[Claim 13] A projection display device^HQluding any one of the liquid crystal light valves 
recited in Claims 1 to 12 in accordance with corresponding color light beams of three colors 
that have been separated by a color light separation opticaKsvstem. 

[Claim 14] A projection display device according to Claim 13/w4ierein at least a red-light 
liquid crystal light valve and a blue-light liquid crystal light valve inclucXA/Z retardation 
films. ^ 
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[Name of Document] AB STRACT 

[Abstract] 

[Object] To provide a liquid crystal light valve that makes it possible to increase the life of 
a polarizer at a light-exiting-surface side of the liquid crystal light valve by reducing the 
burden thereon, and a projection display device including the liquid crystal light valve. 

[Solving Means] In liquid crystal light valves 41 OR, 410G, and 41 OB that modulate incident 
light in accordance with image information, at least two corresponding polarizers 413R and 
414R, 41 3G and 414G, and 41 3B and 414B, are provided respectively at the light-exiting- 
surface sides of liquid crystal panels 41 1R, 41 1G, and 41 IB. 
[Selected Figure] Fig. 1 



